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We have measured the magnetoresistivity of the high-T c superconductors La1.85Sro.15CuO4_ 6 and 
YBaeCu307_ 8 in d.c. magnetic fields up to 25 tesla. Conservative xtrapolations yield values for the 
upper critical field at T=0 of 38 -+ 5 T for Lal.85Sr0.15CuO4-~, and of 200 -+ 25 T for YBazCu307_~. The 
slope (-dBc2/dT) near T c for YBaaCu307_ ~ is about twice as large as in Lal.85Sro.15CuO4_ 8. This suggests 
that the higher T c of YBa2Cu307_ 6 compared with LaL85SroA5CuO4_ ~ may be due to an increased ensity 
of states at the Fermi level. For both compounds the magnetoresistivity indicates a large anisotropy of the 
critical field and a strong spin-orbit scattering. 
1. Introduction 
As shown by several research groups, it is clear that 
the high-T c materials are also characterized by 
unprecedented high values for the upper critical field [1- 
4]. Measurements on single crystals indicate a strong 
anisotropy of the upper critical field, parallel and 
perpendicular to the Cu-O planes with Bc2JBc2 ± =5-10  
[4,51. 
In this paper, we analyse the critical field data of 
Lal.85SroAsCuO4_ ~ and YBa2Cu307 8, measured in static 
magnetic fields up to 25 T. 
2. Lal.asSro.lsCUO4_~ 
The resistive transition has been measured in a 
variable temperature cryostat, using standard four-probe 
techniques, and keeping the current density below 
5×10 -3 Acm -2. The fields were provided by a 25 tesla 
hybrid magnet system. 
In Fig. 1 we have plotted the midpoint critical field 
(the field at which the resistance has 50% of the normal 
state resistance RN, extrapolated from just above Tc) for 
Lal.85Sro.15CuO4_ 6 as a function of temperature. Apart 
from a curvature near Tc, the upper critical field varies 
linearly with the applied magnetic field. The slope 
( -dBc JdT)  of the linear part is =I .9T/K .  For a 
comparison with the Werthamer, Helfand and Hohenberg 
(WHH) theory [6] for three-dimensional type-II dirty 
superconductors, we have calculated the upper critical 
field as a function of temperature and for different values 
of the spin-orbit coupling parameter kso. Our 
measurements up to 25 tesla show no deviation from 
linear behaviour, indicating that ~so~>5. Evaluating the 
spin-orbit scattering time Z~o given by X~o = 2h/3rtkBTckso, 
we find Tso---10 -14 s. If we assume a Fermi velocity 
VF=10 7 cm/s [7], then the spin-orbit scattering length is of 
the order of the lattice periodicity along the c-direction. 
An estimate of the midpoint critical field at T=0 yields 
38 -+ 5 T for La1.85Sr0.15CuO4_ ~. 
The Sommerfeld parameter y can be estimated from 
¥ = 2.2x10-nQff I (-dBc~/dT). Assuming a normal-state 
resistivity ~)N-~400 Ixf2cm [7], we obtain 
y = 6 mJ(moleCu)- lK -2. This is in good agreement with 
the results of Batlogg et al. [8]. 
The slopes (-dBc2/dT) determined at the (0.3)RN- 
and (0.7)RN-points of the resistive transition are 
--- 1.6 T/K and = 2.0 T/K respectively. 
3. YBa2Cu3OT_ ~ 
Also in YBa2Cu307_~, we have observed a relatively 
strong effect of small applied magnetic fields. For fields 
above 5 T the upper critical field shifts linearly with 
temperature. As for La-Sr-Cu-O we find no deviation 
from linearity up to 25 tesla. The slope ( -dBddT)  
determined from the midpoint of the resistive transition, 
is = 4.2 T/K. If we assume that the spin-orbit coupling is 
basically the same as for Lal.85SroAsCuO4-~, and that ~.so 
scales with Tc 1, one would expect Lso---2 and a midpoint 
Bc2 at zero temperature of 200 -+ 25 T [3]. 
From (-dBcffdT) we estimate that in this case 
y = 16 mJ(moleCu)-XK -2. Also for YBa2Cu307_~ there 
is a large difference in slope ( -dBc JdT)  when determined 
at different values of R/RN, and ( -dBcz /dT)= 3.8 T/I( 
and = 4.6 T/K for (0.4)R N and (0.6)R N respectively. The 
broadening can again be attributed to a strong anisotropy 
of the upper critical field. 
4. Anisotropy 
We have attributed the variation of (-dBcz/dT) at 
different values of R/R N to anisotropy of the upper critical 
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Figure 1. Upper critical field of Lal.85Sr0.15CuO4-~, compared 
with a calculation according to the Werthamer, Helfand and 
Hohenberg theory, for different values of the spin-orbit 
coupling parameter iso (see text). 
field [3]. A similar analysis has subsequently been made 
by Welch et al. [9]. We assume that the critical field 
Bcz(O) of a crystallite depends on its orientation and is 
given by the Tinkham formula for thin superconducting 
films [10]. Furthermore, as the conduction is a 
percolation problem, we take the phenomenological 
equation for electrical conductivity of microscopically 
inhomogeneous materials proposed by Davidson en 
Tinkham [11]. The anisotropy ratio ct = Bc21/Bc2a_ is 
fitted to obtain a consistent description of the slopes 
(-dBcz/dT) obtained at all values of R/R N. For 
Lal.85Sr0.15CuO4_ 6 we find an anisotropy ratio ct = 9 _+ 2, 
and for YBa2Cu307_b, ot = 15 + 5. 
In a similar analysis of their data of the resistive 
transition, Welch et al. found an anisotropy ratio of 25 - 
50 for YBa2Cu3OT_ ~ [9]. In their case however, a 
broadened resistive transition due to possible 
inhomogeneities may have lead to an overestimate of the 
anisotropy. In our case, we restricted ourselves to the 
analysis of the slopes (-dBcz/dT) at fields above 5 T, and 
the effect of inhomogeneities does not play a role. 
Also, one should realize that in the model of 
Davidson and Tinkham one assumes that all crystallites 
are in metallic contact. In other words, one assumes that 
the first superconductive p rcolation path is formed if the 
fraction of superconducting crystallites is 1/6. From 
tunneling measurements i  is clear that in many cases the 
grains are covered with an insulating oxide layer. This 
will lead to an increase of the percolation limit, and 
consequently to a lower value of the inferred anisotropy 
ratio. If we assume that the first percolative 
superconducting path is formed when 25% of the 
crystallites i superconducting, the same analysis as above 
yields an anisotropy ratio ct=6 for Lal.85Sro.15CuO4-~ and 
ct =10 for YBa2Cu307_ 6. 
5. Conclusions 
The upper-critical-field ata for polycrystalline 
material suggest a large anisotropy Bczl/Bc2. = 6 for 
La1.85SroAsCuO4_~, and of - 10 for YBa2Cu307_ 6. The 
Sommerfeld parameter 7 for .YBa2Cu307_ ~ is 
approximately twice as large as for Lal.85Sro.15CuO4-6. 
This indicates that the higher Tc of YBa2Cu307_ 8 may be 
due to a larger density of states at the Fermi level. A 
comparison with the WHH theory of type-II 
superconductors yields an estimate for the midpoint upper 
critical field Bc2 = 38 + 5 T for Lal.85Sr0.15CuO4_6, and 
Bc2 = 200 + 25 T for YBa2Cu307_ 6. 
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